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PURPOSE: To provide the digital controlled temperature 
compensation crystal oscillator in which the allowable 
deviation in the frequency temperature characteristic is 
minimized. 

CONSTITUTION: Temperature information detected by a 
temperature detector 1 is converted into address data and 
read address designation of a memory 3 storing 
temperature compensation data set to minimize the 



frequency deviation in the frequency temperature "f^*° ^ * m ? 

characteristic is implemented by converted address data, }i &i *m f5s£ 
the temperature compensation data read from the memory 
3 are converted into a temperature compensation voltage 
by a D/A converter 4A and the oscillating frequency of 
the voltage controlled crystal oscillator 5 is controlled by 
the converted temperature compensation voltage. In the 
digital controlled temperature compensation crystal 
oscillator 5, the conversion characteristic of the D/A 
converter 4A is set to the conversion characteristic in 
which the oscillating frequency of the voltage controlled 

crystal oscillator is changed linearly with respect to the temperature compensation data. 
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(54) DIGITALLY CONTROLLED TEMPERATURE COMPENSATION CRYSTAL OSCILLATOR 

(57)Abstract: 

PURPOSE: To provide the digital controlled temperature compensation 
crystal oscillator in which the allowable deviation in the frequency 
temperature characteristic is minimized. 

CONSTITUTION: Temperature information detected by a temperature 
detector 1 is converted into address data and read address designation 
of a memory 3 storing temperature compensation data set to minimize 
the frequency deviation in the frequency temperature characteristic is 

implemented by converted address* data, the temperature 



oscillating frequency of the voltage controlled crystal oscillator 5 is 
controlled by the converted temperature compensation voltage. In the 
digital controlled temperature compensation crystal oscillator 5, the 
conversion characteristic of the D/A converter 4A is set to the 
conversion characteristic in which the oscillating frequency of the 
voltage controlled crystal oscillator is changed linearly with respect to 
the temperature compensation data. 
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* NOTICES * 

JPO and NCIPI axe not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A temperature detection means to detect temperature information, and a conversion means to change the detected 
temperature information into address data, The memory which the temperature compensation data set up so that a frequency deviation 
might become min in the frequency temperature characteristic are stored, and is read and addressed with the output address data from 
a conversion means, The D/A converter which changes into a temperature compensation electrical potential difference the temperature 
compensation data read from memory, In the digital control form temperature compensated crystal oscillator with which the 
temperature compensation electrical potential difference changed by the D/A converter consists of a voltage controlled oscillator 
impressed as an oscillation frequency-control electrical potential difference The digital control form temperature compensated crystal 
oscillator characterized by setting the transfer characteristic of a D/A converter as the transfer characteristic from which the oscillation 
frequency of a voltage controlled oscillator changes to a linear to temperature compensation data. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the digital control form temperature compensated crystal oscillator which has 

improved the frequency temperature characteristic. 

[0002] 

[Description of the Prior Art] The conventional digital control form temperature compensated crystal oscillator changes the 
temperature detection output of a thermometric element 1 into address data by the conversion circuit 2, as shown in drawing 5 . With 
the output address data from a conversion circuit 2 The output address data from a conversion circuit 2 perform read-out addressing of 
the memory 3, such as ROM which stored temperature compensation data, and temperature compensation data are read from memory 
3. The read temperature compensation data are changed into analog voltage with D/A converter 4, it is impressed by the voltage 
controlled oscillator 5 by making conversion analog voltage into a temperature compensation electrical potential difference (oscillation 
frequency control electrical potential difference), and the temperature compensation of the oscillation frequency of a voltage 
controlled oscillator 5 is performed. 
[0003] 

[Problem(s) to be Solved by the Invention] Usually, the output of a conversion circuit 2 is proportional to detection temperature, and in 
order that precision may improve temperature compensation, the temperature compensation data stored in memory 3 are determined 
that the optimal [ the frequency temperature characteristic of the digital control form temperature compensated crystal oscillator after a 
temperature compensation ], i.e., frequency deviation, will become min, and it is stored in the address corresponding to temperature. 
On the other hand, it is supposed that linearity is important for a D/A converter, and the D/A converter with sufficient linearity is used 
in the former. 

[0004] However, generally the property of the voltage controlled oscillator 5 of the latter part is nonlinear, and as the relation of the 
temperature compensation data pair frequency of a D/A converter is also shown in the alternate long and short dash line of drawing 6 , 
it is nonlinear. That is, as shown in drawing 6 , the frequency variation of** which **l** Changes temperature compensation data by 
LSB in the part a with small temperature compensation data is large, and the frequency variation of ** which ** 1 ** Changes 
temperature compensation data by LSB in the large part b is small. This is produced from a thing nonlinear as the electrical-potential- 
difference pair electrostatic-capacity property of the variable capacitance diode 51 in a voltage controlled oscillator 5 shows drawing 

7 , and a thing nonlinear as the load-carrying capacity pair oscillation frequency characteristics of a quartz resonator 52 show drawing 

8 . 

[0005] There are many AT cuts, and in order that the quartz resonator 52 generally used for a voltage controlled oscillator may take a 
large temperature requirement, it is common to change a cut angle and to take the large range of a compensation frequency. For 
example, the slash section of the accepted frequency temperature characteristic shown in drawing 9 is used. 

[0006] In order to compensate the quartz resonator 52 with such the temperature characteristic, a large control range will be required, 
the difference of elevation of the temperature-compensation electrical potential difference of a voltage controlled oscillator will also 
become large, and frequency change of** which **1** Changes temperature-compensation data by LSB will differ from the 
nonlinearity of a voltage controlled oscillator on an electrical potential difference with a high temperature-compensation electrical 
potential difference, and a low electrical potential difference. 

[0007] It seems that this one example is shown in drawing 10 . The frequency temperature characteristic when a temperature- 
compensation electrical potential difference is fixed is amended on the temperature-compensation electrical potential difference to 
which the transfer characteristic carried out D/A conversion of the temperature-compensation data from memory 3 with the linear D/A 
converter, when forming and carrying out temperature compensation of the property contrary to the property of drawing 10 (a) as the 
optimal temperature-compensation data made to correspond to temperature show to drawing 10 (b) in order to compensate this, as 
shown in drawing 10 (a). In the low place of a temperature-compensation electrical potential difference, as for a frequency, only a 
changes so that the alternate long and short dash line of drawing 6 may also show at this time. Only a frequency b will change in a 
high place, and as a result, the allowable frequency deviation of a digital control form temperature assistant crystal oscillator serves as 
a frequency a at the maximum corresponding to the change a of the frequency of drawing 6 , as shown in drawing 10 (c). Becoming a 
frequency b by min corresponding to change of the frequency of drawing 6 , muximum departure had the trouble that allowable 
frequency deviation will be decided by the frequency a. 

[0008] This invention aims at offering the digital control form temperature compensated crystal oscillator which made allowable 

deviation of the frequency temperature characteristic min. 

[0009] 

[Means for Solving the Problem] The digital control form temperature compensated crystal oscillator of this invention A temperature 
detection means to detect temperature information, and a conversion means to change the detected temperature information into 
address data, The memory which the temperature compensation data set up so that a frequency deviation might become min in the 
frequency temperature characteristic are stored, and is addressed with the output address data from a conversion means, The D/A 
converter which changes into a temperature compensation electrical potential difference the temperature compensation data read from 
memory, In the digital control form temperature compensated crystal oscillator with which the temperature compensation electrical 
potential difference changed by the D/A converter consists of a voltage controlled oscillator impressed as an oscillation frequency- 
control electrical potential difference It is characterized by setting the transfer characteristic of a D/A converter as the transfer 
characteristic from which the oscillation frequency of a voltage controlled oscillator changes to a linear to temperature compensation 
data. 
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[0010] 

[Function] According to the digital control form temperature compensated crystal oscillator of this invention, irrespective of the height 
of a compensation electrical potential difference becomes fixed [ the transfer characteristic of a D/A converter / frequency change of], 
when temperature compensation data do ** 1 ** change of by LSB, in order that the oscillation frequency of a voltage controlled 
oscillator may change to a linear to temperature compensation data, and the tolerance of the frequency temperature characteristic 
becomes small. 
[0011] 

[Example] An example explains this invention below. Drawing 1 is the block diagram showing the configuration of one example of 
this invention. The digital control form temperature compensated crystal oscillator of this example With the address data which 
changed the temperature detection output of a thermometric element 1 into address data, and changed it by the conversion circuit 2 by 
the conversion circuit 2 Address memory 3 which stored temperature compensation data, and temperature compensation data are read 
from memory 3. The read temperature compensation data are changed into analog voltage by D/A -converter 4A, and it is impressed by 
the voltage controlled oscillator 5 by making conversion analog voltage into a temperature compensation electrical potential 
difference, and it constitutes so that the temperature compensation of the oscillation frequency of a voltage controlled oscillator 5 may 
be performed. 

[0012] The frequency temperature characteristic of the latter voltage controlled oscillator 5 takes into consideration the transfer 
characteristic of D/A -converter 4A, and it is constituted so that it may change to a linear to the temperature compensation data with 
which the oscillation frequency of a voltage controlled oscillator 5 is outputted from memory 3. In order that precision may improve 
temperature compensation here, the temperature compensation data stored in memory 3 are determined that the optimal [ the 
frequency temperature characteristic of the digital control form temperature compensated crystal oscillator after a temperature 
compensation ], i.e., frequency deviation, will become min, and being stored in the address corresponding to temperature is as 
aforementioned. 

[0013] For example, if D/A-converter 4A is illustrated by the case of 16 bits as shown in drawing 2 The resistance R1-R16 by which 
the series connection was carried out, and the decoder D which decodes the 4-bit temperature compensation data from memory 3 to 16 
bits The switches SI -SI 6 with which common connection of the end is made, and many items are connected to the end of resistance 
R1-R16 at each **, respectively, and turning on and off is controlled by the decoding output of Decoder D by each **, Constitute from 
a D/A converter of the resistance division method which consists of a voltage follower A which amplifies the electrical potential 
difference of the common node of switches SI -SI 6, and the frequency temperature characteristic of the latter voltage controlled 
oscillator 5 is taken into consideration. The resistance of resistance R1-R16 is set up, respectively so that it may change to a linear to 
the data with which the oscillation frequency of a voltage controlled oscillator 5 is outputted from memory 3. 

[0014] Addressing of the memory 3 in which the temperature detection output of a thermometric element 1 was changed into address 
data by the address translation circuit 2, and the digital control form temperature compensated crystal oscillator of this example 
constituted as mentioned above stored temperature compensation data with these address data is carried out, temperature compensation 
data are read and the read temperature compensation data are changed into analog voltage from memory 3 by D/A-converter 4 A. 
[0015] This changed analog voltage is impressed to a voltage controlled oscillator 5 as a temperature-compensation electrical potential 
difference. However, since it is constituted so that D/A-converter 4 A may change to a linear to the temperature compensation data 
with which the frequency temperature characteristic of a voltage controlled oscillator 5 is taken into consideration, and the oscillation 
frequency of a voltage controlled oscillator 5 is outputted from memory 3, the oscillation frequency of a voltage controlled oscillator 5 
changes to a linear to the temperature compensation data outputted from memory 3. 

[0016] Consequently, when D/A-converter 4A is used, as temperature compensation data pair frequency characteristics are shown in a 
straight line in drawing 6 , the property of a temperature compensation data pair frequency serves as a straight line. Then, the property 
same as the frequency temperature characteristic when a temperature-compensation electrical potential difference is fixed is shown in 
drawing 3 R> 3 (a) as the frequency temperature characteristic shown in drawing 10 (a) is received. As by setting it as the optimal 
temperature compensation data made to correspond to temperature in order to compensate this shows to drawing 3 (b), when the 
temperature compensation of the property contrary to the property of drawing 3 (a) is formed and carried out, When temperature 
compensation data change at LSB only in **1 **, as for a frequency, only c changes in the low place of a temperature compensation 
electrical potential difference. Even place [ high ], only a frequency c will change, as a result, the allowable frequency deviation of a 
digital control form temperature assistant crystal oscillator serves as a frequency c by max and min, as shown in drawing 3 (c), and it 
becomes smaller than the case where it. is shown in drawing 10 . 

[0017] Next, it attaches and explains to other examples of this invention. Drawing 4 is the block diagram showing the configuration of 
other examples of this invention. In the configuration of the conventional example shown in drawing 5 in the example besides a book 
between D/A converter 4 and a voltage controlled oscillator 5 As a broken line shows drawing 6 by broken line approximation, the 
equalizer 6 constituted in the property that negate the property shown with the alternate long and short dash line of drawing 6 , and the 
frequency temperature characteristic of a digital control form temperature compensated crystal oscillator serves as a straight line 
including D/A converter 4 is inserted. With an equalizer 6, nonlinear conversion of the analog signal by which D/A conversion was 
carried out is carried out, and it is impressed to a voltage controlled oscillator 5 as a frequency control electrical potential difference. 
[001 8] Therefore, since it is constituted so that it may change to a linear to the temperature compensation data with which the 
oscillation frequency of a voltage controlled oscillator 5 is outputted from memory 3 for an equalizer 6 in the case of an example 
besides a book, By setting it as the optimal temperature compensation data which made temperature compensation data correspond to 
temperature like the case of said one example As shown in drawing 3 (b), when temperature compensation of the property contrary to 
the property of drawing 3 (a) is formed and carried out, When temperature compensation data change at LSB only in **1 **, as for a 
frequency, only c changes in the low place of a temperature compensation electrical potential difference. Even place [ high ], only a 
frequency c will change, as a result, the allowable frequency deviation of a digital control form temperature assistant crystal oscillator 
serves as a frequency c by max and min, as shown in drawing 3 (c), and it becomes smaller than the case where it is shown in drawing 
10. 
[0019] 

[Effect of the Invention] Since the transfer characteristic of a D/A converter was set as the transfer characteristic from which the 
oscillation frequency of a voltage controlled oscillator changes to a linear to temperature compensation data according to this 
invention as explained above, it is effective in frequency change of becoming fixed irrespective of the height of a compensation 
electrical potential difference, when temperature compensation data do **1** change of by LSB, and the tolerance of the frequency 
temperature characteristic becoming small. Therefore, further, in order to raise temperature compensation precision, it is effective in 
the ability to respond by making the number of bits of a D/A converter increase. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[ Drawing 1] It is the block diagram showing the configuration of one example of this invention. 

[Drawing 2] It is the block diagram showing the configuration of the D/A converter in one example of this invention. 

Prawin g 3 ] It is the ** type property Fig. with which explanation of an operation of one example of this invention is presented. 

[Drawing 4] It is the block diagram showing the configuration of other examples of this invention. 

[D rawing 5] It is the block diagram showing the configuration of the conventional example. 

[Drawing 6] It is the transfer characteristic Fig. of D/A. 

Prawin g 7] It is the property Fig. of electrical-potential-difference pair variable capacitance diode. 
Prawing 8] It is the load-carrying capacity pair oscillation frequency-characteristics Fig. of a quartz resonator. 
Pra_wing_9] It is the frequency temperature profile of the AT cut quartz resonator which makes a cut angle a parameter. 
Prawing„10] It is the ** type property Fig. with which explanation of an operation of the conventional example is presented, 
pescription of Notations] 

1 Thermometric Element 

2 Conversion Circuit 

3 Memory 

4A D/A converter 

5 Voltage Controlled Oscillator 

6 Equalizer 
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[ Drawing 4] 
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[ Drawing 3] 
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[ Drawi ng 6] 
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[Drawing 7] 
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[ Drawing 8 ] 
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[Draw ing 10] 
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